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The experiments described in the following pages were made

primarily in order to test whether crossing-over of factors has

any subsequent effect on the linkage relations of the factors

involved. For instance, if a red eyed fly with bifid wings is

crossed to a white eyed fly with normal wings there will appear

in Fo the non-crossover classes, red bifid and white normal,

and also some crossovers white bifid and red normal. These

cross-overs (white bifid) were then used to determine whether

the same linkage values would reappear in their grandchildren;

in other words, whether a crossover in a particular place pre-

disposes to more frequent crossing-over in the same place.

I wish to take this opportunity of acknowledging my indebted-

ness to Professor Morgan and to Mr. Bridges for their advice

and suggestions.

The term "bifid" was given to a type of wing in which the

second inner vein fails to reach the margin, often producing a

bifid or forked wing.
1 The forked condition is variable. A

constant feature, however, which the forked condition frequently

accompanies, is a fusing of the wing veins at the base of the wing.

Flies possessing this characteristic cannot fly.

The following abbreviations are used in the tables to denote

the factors taken account of in the flies studied:

For eye color R = red, V = vermilion, W= white;

For body color Gr = Gray, Y yellow ;

For wing shape L = :

long, Bf = bifid;

N = factor to which sex linked factors are linked;

= gamete not possessing X-factor.

The factors R, V, Gr and Bf are in association with the X-factor

which is duplex in the female and simplex in the male.

1 Morgan, Science, Vol. 35, March 12, 1912.
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For the sake of simplicity these factors will be considered in

this paper as single units.

EXPERIMENT I.

A long-winged vermilion eyed female was mated with a bifid

winged red eyed male. The results to be expected in the F l

and F2
generations are shown in Table I .

TABLE I.

To ILLUSTRATE EXPERIMENT I.

LVX - LVX = LV 9

P 1 Eggs LVX

F 1 LVX - BfRX = LR 9

f (i) LVX, (2) BfRX,
' LRX, (4)

LVX- LVX
!

BfVX - LVX /

BfRX - LVX
)

LRX - LVX

BfRX - o = BfRc?

Sperm BfRX, o

LVX - o = LVd"

LVX. o

LVX - o = LVc?
BfRX - o = BfRcf

LRX - o = LRo"
BfVX - o = BfVcf

The F 1

generation consisted of LR females and LV males.

The actual results of the F2
generation are shown in Table II.

TABLE II.

RESULTS OF EXPERIMENT I.

F 2
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with normal red eyed long winged flies (LR) we obtain LR male

and female offspring. When these are interbred we obtain the

F'- results shown in Table III.

TABLE III.

RESULTS OF EXPERIMENT I., CROSSOVER.

F2
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EXPERIMENT III.

Experiment 111. confirms the results of Experiment I. LV
females were crossed with BfR males. The F 1

'

females, all of

which possess the gametic constitution, LVX-BfRX, (see Table

I.), instead of being allowed to breed with their F 1

brothers,

were mated with normal wild males possessing the gametic

constitution RLX-o. The results are shown in Table VI.

Although the cultures show a rather wide range of fluctuation it

is doubtful if any of these are significantly different from 32,

which is the value given by the total.

TABLE VI.

RESULTS OF EXPERIMENT III.

LV9 X BfRc?

F 1 LR9 9 and LVcT c?

LR9 of F 1 X pureLRcf 1

Y'2
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gave rise to the four possible classes of males as shown in Table

VII.

TABLE VII.

To ILLUSTRATE EXPERIMENT IV.

P1

F 1

LYX - LYX = LY 9

Gametes LYX

LYX -- BfGrX == LGr 9

(i) LYX. (2) BfGrX,
Fi Eggs i

I (3) LGrX, (4

BfGrX - o = BfGrd"

BfGrX, o

LYX - o = LYc?

LYX, o

LYX - LYX
BfYX - LYX
LGrX - LYX

|

BrGrX - LYX /

=t LY9

= LGr 9

LYX - o =

BfGrX - o = BfGrc?

LGrX - o = LGrc?
BfYX - o = BfYcT

The actual results of the experiment are shown in Table VIII.

TABLE VIII.

RESULTS OF EXPERIMENT IV.

LY 9 X BfGrc?

LGr 9 X LYc?

F2
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P1

TABLE IX.

RESULTS OF EXPERIMENT IV. THE RECIPROCAL CROSS.

BfGr9 X LYcf

LR9 X LRo"

pa
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TABLE XI.

RESULTS OF EXPERIMENT V. THE RECIPROCAL CROSS. (Cf. TABLE IX.)

F2
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TABLE XIII.
RESULTS OF EXPERIMENTVI. CROSSOVERS.

LR9 X BfWd"

F2 LR9 X LRcf

pa
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The number of crossovers is far too small to give the same ratio

found in Experiment VI. Here the percentage is only 4.

EXPERIMENTVIII.

This is a modification of Experiment VI. LR females were

mated with BfW males. The F 1

generation consisted of LR
males and females. The LR 9 were removed from their brothers

and crossed with pure BfW males. This was done in order to

secure four possible classes, in the F2
generation, not only of

males but also of females thus rendering the female counts also

available for study.

Table XV. shows the gametic constitution of the flies used and

the combinations expected in the F 1 and F2
generations.

TABLE XV.

To ILLUSTRATE EXPERIMENTVIII.

P> LRX - LRX = LR9 BfWX - o = BfRo"

Gametes LRX BfWX, o

F 1 LRX -- BfWX = LR 9 LRX - o = LRc?

LR9 of F 1 X BfWcf (from stock)

f (i ) LRX, (2) BfWX, f BfWX. o
Fi Eggs^ Tnrv . _,_ v Sperm X

F2 LRX - BfWX = LR9 LRX - o = LRtf

BfWX -- BfWX == BfW 9 BfWX - o = BfWcf

LWX -- BfWX = LW9 LWX- o = LWd*
BfRX - BfWX = BfR9 BfRX - o = BfRd"

Iii Table XVI. are given the actual results of the experiment.

Judging from the total numbers of the F2
flies the break in the

coupling occurs in the ratio of 5 per cent, in both females and

males. Only the normal range of variations from this are ap-

parent when the numbers from individual bottles are considered. 1

1 In the previous experiments 4-6 females were placed with as many males in

the same bottle. For Experiments VIII. and IX. one female with 2-3 males was

placed in a bottle. She and the males were transferred every 6-8 days. Some

of the females lasted for six weeks by which time they were fairly exhausted of eggs.
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TABLE XVI.

RESULTS OF EXPERIMENTVIII.

LR 9 X

F 1

LR9 of F 1 X BfWcf (from stock bottle).

fS
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EXPERIMENT IX.

For this experiment both males and females with crossed over

factors were used. These were taken from the F2
generation

produced in Experiment VIII. On looking over Table XV. it

will be noticed that the F2 BfR females possess the gametic

constitution of BfRX-BfWX. Both of the combinations BfR

and BfW have been produced in the normal percentage by a

crossing over in the F 1

generation of factors originally coupled in

the grandparents.

The F2 LWmales have been similarly produced, their factors

L and Wbeing crossovers.

All combinations, therefore, introduced into the F 1

generation

have been produced by a rearrangement of the original combina-

tions owing to crossing over.

Table XVII. shows the expected results of such a crossing.

TABLE XVII.

To ILLUSTRATE EXPERIMENTX. (CROSSOVERS.)

P 1 BlRX - Bl'WX = BfR 9 L\VX - o = LWcf
Gametes BfRX, BfWX LWX, o

F 1 BfRX - LWX= LR9 BfRX - o = BfRc?

BfWX - LWX= L\V9 BfWX - o = BfWcT

LR of F 1 X BfW of F 1

( (i) BfRX, (2) LWX, I BfWX, o
FlEggS

1(3) BfWX, ( 4 )LRX Sperm
i

F 2 BfRX - BfWX = BfR 9 BfRX - o = BfRcT

LWX -- BfW'X == LW9 LWX- o = LWcf
BfWX -- BfWX == BtAV9 BfWX - o = BfWcf

LRX - BfWX = LR 9 LRX - o = LRd"

In spite of the conditions of the experiment the combinations

introduced into the F 1

generation persist with a strength of

linkage approximately equal to that existing among the original

combinations.

Table XVIII. gives the actual results of the experiment.
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TABLE XVIII.
RESULTS OF EXPERIMENTX.

F 1

BfR 9 X LWc? (Both crossovers from F 2 of Table 16).

LR and LW9 9 , BfR and BfWcf c?

LR 9 of F 1 X BfWd* (from stock bottle)

pa
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SUMMARY.

The strength of linkage between the factor for bifid wing
and the factor for vermilion eye is approximately the same

(viz. 32 units) in the original cross in its reciprocal, and in the

F2 from the crossovers of the original. (See Experiments I., II.

and III., Tables II., III., V. and VI.)

The strength of linkage between yellow body color and bifid

wing is constant (viz. 5 units) in the original and in the 2 from

the crossovers (See Experiment IV., Tables VII., VIII. and IX.).

A repetition of Experiment IV. showed a linkage value (viz.

6 units) not significantly different from that previously found.

The linkage moreover is constant in the two reciprocal crosses

of this experiment. (See Experiment V7

.; Tables X. and XI.)

The strength of linkage between white eyes and bifid wings is

preserved in the crossovers (viz. original 8, crossover 9 units),

but is different in the reciprocal (viz., 4). (See Experiments VI.

and VII.; Tables XII., XIII. and XIV).
A modification of experiments VI. and VII. gave a strength of

linkage (viz. 5 and 6), which approaches that of the reciprocal

(viz., 4) but not the original linkage value (viz., 8). (See Experi-

ments VIII. and IX.; Tables XVI. and XVIII.)
In all of the experiments of this paper the strength of linkage

is apparently not changed by a previous crossing over between

the factors in question.

The linkage value given by the females is the same as that

given by the males of the same experiment. (See Tables XVI.
and XVIII.)

Crossovers appear in the F2 generation equally frequently

among the first flies hatched as among those hatched last.

That the factor for yellow body color has an effect on the via-

bility of flies is evidenced from the deficient numbers of yellow

flies in Tables VIII., X. and XI. A deficiency also occurs in

flies with white eyes as compared with those possessing red eyes.

(See Tables XIII., XVI. and XVIII.) A bifid wing factor, how-

ever, does not seem to have any such effect
;

the bifid winged flies

comparing favorably with the long winged flies (see Table

XVIII.).

UNIVERSITY OF CINCINNATI,

May 6, 1914.


